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amidase was isolated from the rhizosphere of Pisum sativum. The cells were immobilized in sodium
alginate for the production of amidase and the effect of dehydration on immobilized beads were
studied. Optimization of process parameters for amidase production was carried out to enhance
enzyme production using immobilized cells. From the results it is clear that 2% and 3% (w/v) of
alginate were suitable for amidase production with 12.8 and 13 U/ml activity, respectively after
36 h of incubation. Among the various substrates studied acetamide (2% w/v) was a good inducer
of amidase. It was observed that immobilized catalysts could be recycled up to ﬁve batches. Ami-
dase production was observed in both free and immobilized cells, nevertheless immobilization is
much favored in comparison to free cells, as it leads to reusability of beads, lesser contamination,
consistent amidase production and adaptability to wide range of culture conditions. The relative
enzyme activity with the dehydrated beads was only 27% in comparison to hydrated beads, it is
possible to pack considerably more into a ﬁxed volume as the relative volume of dehydrated beadsess: P.O. Box 1383, Shaqra
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122 S. Chacko et al.is 20%. Even though consistent amidase production was difﬁcult to achieve using dehydrated
beads, which may have certain advantages like less chances for microbial contamination and easy
to transport.
ª 2012 Academy of Scientific Research & Technology. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Amidases have gained considerable interest in such diverse
ﬁelds as of neurobiochemistry, plant physiology and applied
microbiology [19]. Amidases (acylamide amidohyrolases EC
3.5.1.4) catalyze the hydrolysis of the carboxylic amide bonds
to liberate carboxylic acid and ammonia. It has a unique place
in the production of enantiomerically pure amino acids, non-
steroid anti-inﬂammatory drugs, optically active 2-arylpropi-
onic acids, isonicotinic acid, etc. from the corresponding
racemic amino acid amides [22]. Microbial amidases with al-
tered substrate speciﬁcity have attracted growing interest in
the last decade as they can be used in the biotransformation
of amides to acids. Hence it could be envisaged that they are
an important tool for biocatalysis in pharmaceutical and
chemical industry [29]. Amidase are important in industrial
biocatalysts as immobilized amidase for example can be used
efﬁciently for production of acrylic acid from acrylamide, thus
converting a toxic contaminant into widely used industrial raw
material [27,8]. Additionally, it is used in waste water treat-
ments as a way to eliminate metal ions [12]. There are reports
indicating elevated levels of amidase enzyme in soil samples
[3]. Amidases which form an integral component of nitrile con-
verting biocatalysts usually operate at narrow pH (neutral or
slightly alkaline) and temperatures which makes it a difﬁcult
choice for industrial biocatalysis [15,24]. In such conditions
immobilization of microbial cells offers several advantages like
tolerance to toxic substances reusability of the biocatalysts and
continuous operation [26]. The use of immobilized microbial
cells involved in the production of useful compounds is now
gaining more importance than immobilized enzymes as it elim-
inates the need for release of intracellular enzymes and succes-
sive puriﬁcation steps [28].
Nitrile converting enzymes namely nitrilases, nitrile
hydratases and amidase which form a group of homologous
enzymes are widely distributed in bacteria [30]. Various are
bacterial species synthesize IAA via indole-3-acetamide path-
way [35], in Rhizobium species nitrile hydratase and amidase
activity is observed indicating the conversion of indole-3-ace-
tonitrile (IAN) to IAA via indole-3-acetamide (IAM) [20].
Microbial amidases have potential value for the plant
growth synthesizing the plant growth hormone, indole-3-ace-
tic acid, utilized by the host plants for their growth [31]. In
the present study a plant growth promoting rhizobacteria
producing amidase was isolated from the rhizosphere of Pi-
sum sativum and identiﬁed as Pseudomonas putida MTCC
6809. There are only few reports on immobilization of
microbial cells for the production of amidase and applica-
tion of dehydrated beads in a bioprocess. The present study
was focused on immobilization of P. putida MTCC 6809 for
the production of amidase and to determine the effect of
dehydration on immobilized beads.2. Materials and methods
2.1. Microorganism and maintenance
The bacterial strain P. putida MTCC 6809 [7] was maintained
in 20% glycerol stock and single colonies on fresh nutrient
agar plates were selected for shake ﬂask inoculation. Sterile
ﬂask (250 ml) containing 100 ml of culture medium was inocu-
lated and incubated on an orbital shaker at 30 C and 150 rpm.
Cell density was monitored via optical density at 600 nm
(Genesys 6, Thermoelectron, USA) and cultures were grown
to an OD of 2.0–2.5, corresponding to late exponential or early
stationary phase.
2.2. Fermentation
Amidase production medium contained (gm/l) KH2PO4 (3.4),
K2HPO4 (4.3), MgSO4Æ7H2O (0.5), CaCl2 (0.005), yeast extract
(2.5), glucose (10.0) and acetamide (10.0) 0.5 ml of trace ele-
ment solution containing (mg/l) ZnSO4Æ7H2O (0.5), FeSO4Æ7-
H2O (0.8), MnSO4Æ7H2O (0.6), CuSO4Æ5H2O (0.8) with pH
7.5. Glucose and acetamide were ﬁlter sterilized and added into
the medium. The production media was inoculated with 20 h
old inoculum and incubated for 72 h on a rotary shaker
(150 rpm) at 30 C. Samples were withdrawn at 12 h time inter-
vals and centrifuged at 5000 rpm (10 min, 4 C). Amidase
activity was determined using the supernatant as crude enzyme
extract.2.3. Analytical methods
Amidase activity was determined by measuring the ammonia
released (Nesslerization reaction) by the hydrolysis of amides
and measured spectrophotometrically at 450 nm as described
by Imada et al. [16]. One international unit (IU) of amidase is
deﬁned as the amount of enzyme required to release one
lmole of ammonia per minute per milliliter under the assay
conditions. Sodium alginate solution of various concentra-
tions (1–4% w/v) was prepared by dissolving it in phosphate
buffer pH (7.2). Cell pellets (0.5 g wet cells) were mixed
gently in 15 ml of aqueous alginate. The resulting mixture
was then extruded slowly into ice cold calcium chloride
solution (0.5 M) under aseptic conditions using syringe. The
beads (approx. 3.2 ± 0.2 mm) obtained after curing for an
hour at 4 C was washed thoroughly with sterile distilled
water and transferred to production medium aseptically.
The ﬂask was incubated on a rotary shaker (70 rpm) at
30 C. Samples were withdrawn at regular time intervals
(12 h), centrifuged and assayed for amidase activity. Control
beads were generated without cell biomass as mentioned
above.
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Optimization of process parameters for amidase production
was carried out to enhance enzyme production using immobi-
lized cells. Effect of alginate concentration (1–4% w/v) and
incubation time for maximum enzyme production were deter-
mined. To examine the survival of P. putida during immobili-
zation with alginate, the viable population of test organism
was determined after immobilization. A control experiment
was done by mixing the cells in sterile water and plating on
nutrient agar. Cells from equal volume of culture (having dif-
ferent preculture time 10, 20 and 30 h) were immobilized to
examine the effect of preculture time on enzyme production.
For this 0.5 gm cells were inoculated into the media and ami-
dase production was determined. The production medium was
supplemented with amide compounds (0.5% w/v) like acetam-
ide, propionamide, acrylamide, butyramide, urea and formam-
ide to determine the best inducer for enzyme production. The
optimum concentration of amide substrate was studied by
varying the inducer concentration (0.5%, 1%, 2%, 3% and
4%) in the production medium. Various wet cell biomass con-
centrations (0.4, 0.6, 0.8, 1.2 and 1.5 g of wet cells) were used
for immobilization to determine the effect of initial cell load on
amidase production. A comparative study between free and
immobilized cells was done under the optimized conditions.
2.5. Repeated batch fermentation
Fermentation was carried out as mentioned earlier. The bio-
catalyst (immobilized beads) were aseptically removed from
the fermentation medium after the completion of one batch
(48 h) and washed 3–4 times with sterile distilled water under
aseptic condition. The beads were transferred into fresh med-
ium and same experimental conditions were followed as men-
tioned earlier. Successive batches were run until leakage of the
cells occurred or there was considerable decrease in enzyme
activity.162.6. Production of dehydrated beads
Thirty immobilized beads were taken and freeze dehydrated.
The beads were kept in a sterile vial with 10 ml sterile distilled
water and freeze dehydrated at 4 C for 10–15 h. After thaw-
ing at room temperature, the shrunken beads were dried with a
tissue paper and used for further studies. Different parameters
were compared with respect to hydrated beads.0
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Figure 1 Effect on production of amidase with alginate as an
immobilization matrix.2.7. Comparative study of various parameters
between hydrated and dehydrated beads
Thirty beads each of hydrated and dehydrated were taken and
their weight were compared by calculating the percent decrease
in bead weight. Size of the beads was measured by using screw
gauge. Both hydrated and dehydrated beads were transferred
into the production medium for enzyme production and their
activities were compared by standard assay method. Viability
of immobilized cells (both hydrated and dehydrated cells)
and for free cells was checked by crushing the beads, in a sterile
cold mortar and pestle in 20 mM phosphate buffer (pH 7.2)
which was plated on nutrient agar plates and thereafter incu-
bated at 30 C.2.8. Effect of temperature on activity of free and immobilized
cells
Effect of temperature on the relative enzyme activity was
studied at different temperature range of 15–45 C. Free cell
suspensions and equivalent amount of biomass were immobi-
lized for performing the batch fermentation under optimized
conditions. Immobilized and free cell suspensions were
incubated for one hour at different temperatures, and then
equilibrated at room temperature. The relative activity in the
non-incubated sample was taken as 100%. Values duplicate
assays were within ±5%.
3. Results and discussion
The plant growth promoting bacteria (PGPR) are naturally
occurring soil bacteria that colonize plant roots and beneﬁts
plant by growth promotion. In the present study, the promis-
ing amidase producer was isolated, identiﬁed as P. putida by
Microbial Type Culture Collection (MTCC), Institute of
Microbial Technology (IMTECH), Chandigarh, India and
assigned an Accession Number MTCC 6809. This bacterial
species was able to produce auxin (indole-3-acetic acid) phyto-
hormone and possess other plant growth promoting activities.
P. putidaMTCC 6809 presented here is a promising strain and
the bacterium could also be the source to develop desired
microbial bio-augmentation for growth of ﬁeld crops in con-
taminated soil. Different biosynthetic pathway have been iden-
tiﬁed and redundancy for IAA biosynthesis is widespread
among plant associated bacteria. A high degree of similarity
between IAA biosynthesis pathways in plants and bacteria
was observed [35,34]. The enzymes present in soil are hydro-
lases and amidase is one among them. Microbial amidases be-
long to the thiol nitrilases family and have potential
biotechnological applications in chemical and pharmaceutical
industries as well as in bioremediation [1]. The activity of this
enzyme in soil deserves special attention because its substrates
are potential sources of N for plants [5].
Although, commercial amidase are available, it is too
expensive for synthetic applications. Conventional methods
of enzyme substrate reactions have limitations, such as perme-
ation of substrate and product through cellular membranes,
leaching of protein and other cellular components into the
02
4
6
8
10
12
14
0.5 1 2 3 4
A
m
id
as
e a
ct
iv
ity
  
(U
/m
l)
Concentration of acetamide 
Figure 2 Effect of acetamide concentration on production of
amidase.
Table 2 Effect of various substrates on production of
amidase.
Substrate (0.5% w/v) Amidase activity (U/ml)
Acetamide 9.5
Propionamide 8.7
Acrylamide 5.1
Butyramide 3.0
Urea 3.2
Formamide 0
124 S. Chacko et al.reaction phase, lower speciﬁc activity compared to immobi-
lized enzyme system, etc. [2]. Entrapment in hydrogels like cal-
cium alginate is one of the easiest and cheap methods for
biocatalysis. Different concentrations (1%, 2%, 3% and 4%)
of sodium alginate to immobilize Pseudomonas cells was inves-
tigated. From the results it is clear that 2% and 3% (w/v) of
alginate were suitable for amidase production with 12.8 and
13 U/ml activity respectively after 36 h of incubation (Fig. 1).
Enzyme activity at 20 and 36 h incubation were found almost
two fold as compared to 10 h. The enzyme activity was mini-
mum (3 U/ml approx.) with 1% (w/v) alginate at different time
intervals. The production capacity of organism depends on
successful selection of growth conditions and substrate [4].
The immobilized catalyst may provide good mechanical
strength, low protein leachability, and high retention of ami-
dase activity. Entrapment is more suitable for immobilization
of whole cells [13] rather than of enzymes [10,36] due to the
slow leakage of enzymes during continuous use as a conse-
quence of their smaller size compared to cells. However, the
bead durability improves at higher alginate concentration
(4% w/v), there is a decrease in enzyme yield (6 U/ml). It could
be possibly because of limited substrate mass transfer across
the gel barrier and because of limited oxygen supply to the cells
[14,18]. Beads made of 1% (w/v) gel concentration was found
to be less ﬁrmer, more prone to cell leakage and disintegration
due to low gel consistency of the beads. A wider applicability
of amidase-mediated biotransformation would be promoted
by a greater availability of commercial amidase in a stabilized
formulation.
The free cells were grown in amidase production media be-
fore immobilization. The cells separated from pre-culture at
different incubation time was immobilized and subjected to
amidase production. The pre-culture at 10 h showed
9.70 · 107 cfu/g cell viability with 05.3 U/ml amidase activity
(Table 1). The maximum (11.8 U/ml) amidase activity was ob-
served at 20 h pre-incubated cultures. The reason for increase
in enzyme production at 20 h could be due to more number
of cells in exponential phase. Longer pre-culture time did not
have signiﬁcant effect on enzyme production. However, the
viable cells were more in 36 h pre-culture immobilized beads.
It could be assumed that the growth phase and the enzyme
accumulation phase were different from each other [25].
Different amide substrates were screened for amidase
production while using immobilized beads. The PGPR strain
of P. putida MTCC 6809 was able to synthesize amidase
(9.5 U/ml) with acetamide as an inducer (Table 2). Propiona-
mide showed 8.7 U/ml amidase activity. However, acrylamide,
butyramide and urea showed less enzyme activity. Formamide
was found to be a poor inducer for amidase production. To
determine the optimum concentration of acetamide as a
substrate in immobilization studies various concentrations
were tested and the maximum titer (13 U/ml) was obtained
with 2% (w/v) acetamide (Fig. 2). Further increase in theTable 1 Effect of pre-culture time on amidase production.
Time (h) Cell viability (cfu/g gel) Amidase activity (U/ml)
10 9.70 · 107 05.3
20 1.32 · 108 11.8
36 1.50 · 108 10.8concentration (3% w/v) of the substrate inhibited the enzyme
production. Amidase are known to be inducible in nature and
acetamide was found to be the suitable inducer for amidase
production in P. putida MTCC 6809. Similarly, a strain of
Brevundimonas diminuta with a high amidase activity for acet-
amide was selected as the best biocatalyst for the process,
which enabled the >90% hydrolysis of 6 M acetonitrile within
10 h [21]. There are reports showing maximum enzyme activity
when inducer was added at the beginning and continuous
feeding of inducer did not improve the enzyme activity. The
time of induction plays an important role in the enzyme
synthesis and its accumulation [25].igure 3 Production of amidase by free and immobilized cellsFafter 36 h.
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Figure 5 Effect of temperature on activity of free and immobilized cells.
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Figure 4 Repeated batch fermentation by using immobilized cells for production of amidase.
Figure 6 Immobilized cells of P. putida MTCC 6809 (hydrated and dehydrated beads).
A comparative study on the production of amidase 125Amidase production by using free cells and immobilized
cells were 16.7 and 18 U/ml, respectively (Fig. 3). No consider-
able difference in amidase production was observed by freeand immobilized cells. Nevertheless immobilization is much
favored in comparison to free cells as it leads to reusability
of beads, lesser contamination, consistent amidase production
Table 3 Characteristics of hydrated and dehydrated beads.
Characteristics Hydrated Dehydrated
Bead size 3.2 ± 0.2 mm 2.5 ± 0.4 mm
Appearance Spherical Irregular
Relative bead weight 100% 28 ± 3%
Relative packed volume 100% 20 ± 4%
Relative enzyme activity 100% 27 ± 4%
Viability of cells 1.27 · 108 cfu/g
beads
1.25 · 108 cfu/g
beads
Freeze dehydration was carried out for 15 h at 4 C.
126 S. Chacko et al.and adaptability to wide range of culture conditions. Bacterial
cells immobilized on matrix were found to be suitable basis for
an efﬁcient bioprocess [32,6]. An approximate of 1.5 g of bio-
mass was found to be ideal for amidase production (data not
shown) as increased cell concentration in the gel may lead to
reduced speciﬁc respiration rate, thus affecting substrate mass
transfer ratio. However, further increase in the initial biomass
concentration leads to cell leakage and less enzyme
production.
To evaluate reusability of immobilized cells, successive
batches were run continuously. It was observed that immobi-
lized catalysts could be recycled up to ﬁve batches as shown
in Fig. 4. Amidase activity increased after the ﬁrst batch and
maximum production was obtained in second, third and fourth
batches. Although amidase activity decreased after the fourth
batch, 70% of enzyme activity was retained in ﬁfth and sixth
batches. To obtain consistent amidase production fresh pro-
duction medium need to be supplied after each batch run.
The surface of the beads was suitable for the growth of cells
because the supply with the nutrients and oxygen was better
thus cells gradually grew on the surface of the gel with increas-
ing cycles. Also mechanical stability of the biocatalyst was high
enough since no fragments of alginate beads were present in
the culture broth.
The stability of the enzyme is strongly linked to tempera-
ture. Effect of temperature (15–45 C) on the enzyme activity
of free and immobilized cells were studied as described in mate-
rials and method. Both free and immobilized cells showed full
retention of activity (Fig. 5) at temperatures between 15 and
30 C. Immobilized cells produced amidase at elevated temper-
ature when compared to free cells. There was an increase of
20% and 10% enzyme activity with immobilized cells when
compared to free cells at 35 and 45 C respectively. Hence could
be said that the alginate may have provided thermal stabiliza-
tion that increased enzyme longevity of immobilized cells.
There are reports on increasing the thermal stability of enzymes
after immobilization [11,23]. Compared to the native enzyme,
thermal and operational and thermal stability of can be signif-
icantly enhanced by immobilization [17]. There was a consider-
able decrease in activity after 40 C with free cells. No enzyme
activity was observed at 45 C, hence complete inactivation of
enzyme production was observed with free cells in comparison
to immobilized cells. The poor thermal stability of enzymes,
which facilitates their rapid inactivation by a moderate rise in
temperature is also advantageous in some technologies.
Various polymers such as polyacrylamide, gelatin, alginate
and k-carragenan have been utilized for immobilization with
alginate beads the most common [9]. The gel formed in the pres-
ence of calcium alginate entraps the cells in the matrix with theresultant beads containing 90–95% water and only 10% solids.
Thus during slow freezing of alginate beads, ice forms outside
the beads which lowers the vapour pressure and hence pulls
water from inside the beads. This phenomenon is known as
freeze dehydration, it can be used effectively to reduce both
the weight and volume of the resulting biocatalyst [33]. In the
present study, dehydrated beads were produced and examined
the feasibility to use as biocatalyst. Freeze dehydration resulted
in beads of different size and shape (Fig. 6). The cell viability of
dehydrated beads were more or less same as the hydrated
beads. However, the relative enzyme activity with the dehy-
drated beads was only 27% in comparison to hydrated beads,
it is possible to pack considerably more into a ﬁxed volume (Ta-
ble 3). The relative packed volume and relative bead weight of
dehydrated beads were only 20% and 28%, respectively, it
could be said that almost ﬁve times as much biocatalyst can
be packed into the equivalent volume that could increase the
enzyme production thus improving batch productivity.
4. Conclusion
The potential for improvement in amidase production may of-
fer signiﬁcant advantages in some bioconversion processes. A
signiﬁcant decrease in enzyme activity in dehydrated beads
when compared to hydrated beads, was observed in the present
study. This may be attributed to considerable reduction in sub-
strate mass transfer due to shrinkage of beads due to freeze
dehydration. Also freeze dehydrated cells may take consider-
able time to resume enzyme production in comparison to hy-
drated cells due to freezing conditions. Even though
consistent amidase production was difﬁcult to achieve using
dehydrated beads, dehydrated beads may have certain advan-
tages like less chances for microbial contamination and easy to
transport. It is therefore suggested that a detailed study needs
to be undertaken to conclude whether dehydrated beads offer
signiﬁcant commercial advantages in a bioconversion process
which usually operate in an extreme environment.Acknowledgement
Authors wishes to acknowledge the ﬁnancial assistance re-
ceived from Department of Biotechnology, New Delhi, for car-
rying out this work.
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